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ABSTRACT

Objective: To evaluate the efficacy and safety of a selective serotonin reuptake inhibitor (SSRI)
and a serotonin and norepinephrine reuptake inhibitor (SNRI) in the treatment of depression in
Parkinson disease (PD).

Methods: A total of 115 subjects with PD were enrolled at 20 sites. Subjects were randomized to
receive an SSRI (paroxetine; n � 42), an SNRI (venlafaxine extended release [XR]; n � 34), or
placebo (n � 39). Subjects met DSM-IV criteria for a depressive disorder, or operationally defined
subsyndromal depression, and scored �12 on the first 17 items of the Hamilton Rating Scale for
Depression (HAM-D). Subjects were followed for 12 weeks (6-week dosage adjustment, 6-week
maintenance). Maximum daily dosages were 40 mg for paroxetine and 225 mg for venlafaxine
XR. The primary outcome measure was change in the HAM-D score from baseline to week 12.

Results: Treatment effects (relative to placebo), expressed as mean 12-week reductions in
HAM-D score, were 6.2 points (97.5% confidence interval [CI] 2.2 to 10.3, p � 0.0007) in the
paroxetine group and 4.2 points (97.5% CI 0.1 to 8.4, p � 0.02) in the venlafaxine XR group. No
treatment effects were seen on motor function.

Conclusions: Both paroxetine and venlafaxine XR significantly improved depression in subjects with
PD. Both medications were generally safe and well tolerated and did not worsen motor function.

Classification of Evidence: This study provides Class I evidence that paroxetine and venlafaxine
XR are effective in treating depression in patients with PD. Neurology® 2012;78:1229–1236

GLOSSARY
BDI-II � Beck Depression Inventory II; CGI � Clinical Global Impression Scale; CI � confidence interval; CTCC � Clinical
Trials Coordination Center; dPD � depression in Parkinson disease; DSM-IV � Diagnostic and Statistical Manual of Mental
Disorders, 4th edition; GDS � Geriatric Depression Scale; HAM-D � Hamilton Rating Scale for Depression; MADRS �
Montgomery-Åsberg Depression Rating Scale; PD � Parkinson disease; SAD-PD � Study of Antidepressants in Parkinson
Disease; SF � Short Form; SNRI � serotonin and norepinephrine reuptake inhibitor; SSRI � selective serotonin reuptake
inhibitor; TCA � tricyclic antidepressant; UPDRS � Unified Parkinson’s Disease Rating Scale; XR � extended release.

Depression in Parkinson disease (PD) (dPD) is associated with functional impairment1 and
reduced quality of life2–4 but the optimal approach to treatment remains uncertain.

Tricyclic antidepressants (TCAs), which inhibit the reuptake of norepinephrine and sero-
tonin, are efficacious in the treatment of dPD5,6 but are associated with cardiac, autonomic,
and anticholinergic side effects.7–9

Selective serotonin reuptake inhibitors (SSRIs) have demonstrated similar efficacy and bet-
ter tolerability when compared to traditional TCAs in depressed patients without PD10–15 but
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have been reported to worsen parkinsonian
motor features.16–19 There have been 2 mod-
estly sized, single site, placebo-controlled clin-
ical trials of SSRIs in dPD. A study by Menza
et al.5 suggested that nortriptyline, but not
paroxetine, was significantly more effective
than placebo. Devos et al.6 concluded that de-
sipramine and citalopram were more effective
than placebo; however, desipramine was not
as well tolerated. PD motor function did not
appear to be affected in either study.

Serotonin and norepinephrine reuptake in-
hibitors (SNRIs), like TCAs, act on both neu-
rotransmitter systems but are generally better
tolerated. In broader patient populations
SNRIs have been shown to be at least as effi-
cacious as SSRIs20–22 but there have been no
controlled trials of SNRIs in dPD.

We present the results of a multicenter ran-
domized, double-blind, placebo-controlled
clinical trial of an SSRI, paroxetine, and an
SNRI, venlafaxine extended release (XR), in
dPD. We hypothesized that both medications
would reduce depressive symptoms. We also
hypothesized that these medications would be
safe and well-tolerated and, in particular,
would not worsen PD motor function.

METHODS Standard protocol approvals, registra-
tions, and patient consents. The study was approved by the
institutional review board at each participating institution. Par-
ticipants provided written informed consent for all procedures
after demonstrating capacity to do so.23 The study is registered
with clinicaltrials.gov (trial registration: http://clinicaltrials.gov/
ct2/show/NCT00086190).

Participants. The Study of Antidepressants in PD (SAD-PD)
enrolled 115 participants from 20 centers in the United States,
Canada, and Puerto Rico from June 2005 through March 2009.
Subjects were recruited from movement disorder clinics. Eligible
subjects included men and women �30 years of age diagnosed
with idiopathic PD, without dementia. Subjects had to meet
diagnostic (DSM-IV24) criteria for a depressive disorder (i.e., ma-
jor depressive disorder, dysthymic disorder, minor depressive
disorder) or operationally defined subsyndromal depression (see
online supplemental material on the Neurology® Web site at
www.neurology.org for details regarding definitions of PD,
dementia, and depression). Antidepressant medications other
than study drug, antipsychotics, and MAO (including selec-
tive B) inhibitors were not permitted. Subjects were excluded
if they had had an adequate trial of paroxetine or venlafaxine
(see online supplemental material for details and other exclu-
sion criteria).

Assessment, randomization, and follow-up. Research
participants were initially evaluated during a screening visit at
which informed consent was obtained and eligibility criteria and

demographic information were verified. The baseline visit oc-
curred within 4 weeks of the screening visit. At this visit, the site
coordinator or investigator called the University of Rochester
Clinical Trials Coordination Center (CTCC, Rochester, NY)
to enroll the participant (see online supplemental material for
details of the randomization process and preparation of study
medication).

Double-blind treatment lasted 12 weeks and consisted of a
6-week dosage titration period and a 6-week maintenance pe-
riod. During the dosage titration period (weeks 0–6), partici-
pants received 10 mg of paroxetine or 37.5 mg of venlafaxine XR
(or matching placebos) each day for the first 2 weeks. The inves-
tigator then adjusted the dosage of the experimental medications
as necessary and tolerated (up to a maximum daily dosage of 40
mg for paroxetine and 225 mg for venlafaxine XR) to achieve the
“optimal dosage” based on a suggested dosage escalation sched-
ule. The investigator was encouraged to increase the dosage until
the participant’s depression was effectively treated (a suggested
criterion was HAM-D score �7). The investigator was allowed
to decrease or to not escalate the dosage if the participant was
experiencing significant adverse events. PD medications were
optimized prior to enrollment and every effort was made to
maintain stable dosages for the duration of the study.

Participants were evaluated at visits at screening, baseline/
randomization, and 2, 4, 6, 8, and 12 weeks after randomization.
There was a telephone visit to assess efficacy and tolerability at
week 10. Participants who withdrew from the trial were assessed
at a final visit.

Outcome measures. The primary outcome measure was the
change from baseline to week 12 in the 17-item HAM-D,25

which was administered by the site investigator. The protocol
specified that all evaluations should be conducted in the “on”
state for patients who experienced motor fluctuations. Details
regarding training and reliability assessment for the HAM-D can
be found in the online supplemental material.

Secondary outcome measures for antidepressant efficacy in-
cluded the Montgomery-Åsberg Depression Rating Scale
(MADRS),26 the Beck Depression Inventory II (BDI-II),27 and
the Geriatric Depression Scale (GDS),28 each administered at all
in-person visits. The NIMH Clinical Global Impression Scale
(CGI)29 was also obtained from site investigators and partici-
pants at weeks 4, 8, and 12. Prespecified dichotomous HAM-D
outcomes were also assessed, including HAM-D �7 at week 12
(“remission”) and a �50% reduction in HAM-D score from
baseline to week 12 (“response”).

Other outcome measures included the Unified Parkinson’s
Disease Rating Scale (UPDRS)30 total and subscale scores31 to
assess PD motor function as well as measures of quality of life,
anxiety, psychotic symptoms (a potential side effect of antide-
pressant medications), sleep, and cognition. A detailed descrip-
tion of these outcome measures is presented in the online
supplemental material.

Safety and tolerability outcomes included ability to complete
the trial, adverse events, and vital signs. Compliance with study
medication was assessed using pill counts at each visit. Partici-
pants and investigators were asked to guess the identity of the
assigned treatment at week 12 to assess possible compromise of
the blind.

Statistical methods. Analysis of the primary outcome variable
was performed using a repeated-measures analysis of covariance
model that included treatment group as the factor of interest
with adjustment for site, type of depression (major, nonmajor),
and baseline HAM-D score. Week (2, 4, 6, 8, 12, treated as a
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categorical variable) and the interaction between treatment
group and week were also included in the model. Treatment
effects (paroxetine vs placebo, venlafaxine XR vs placebo) were
estimated using the adjusted group means obtained from this
model, along with corresponding 97.5% confidence intervals
(CIs) (Bonferroni-adjusted). Tests of the null hypotheses of zero
treatment effects were performed using a 2.5% significance level.
The parameters of interest in the repeated-measures analysis of
covariance model (treatment effects) were estimated using re-
stricted maximum likelihood, a valid approach for dealing with
missing data under the missing at random assumption.32 All
available data from all randomized participants were included in
the analysis, in accordance with the intention-to-treat principle.
The results using alternative approaches for dealing with missing
data (e.g., multiple imputation and last observation carried for-
ward) did not differ substantially from those of the primary anal-
ysis and are not reported here. Exploratory analyses of treatment
effects in prespecified subgroups of participants were also per-
formed. The methods used for these analyses and the results are
presented in the online supplemental material.

Similar analyses were performed for the continuous second-
ary outcome variables for efficacy as well as vital signs. For cate-
gorical outcome variables at week 12 (HAM-D �7 and �50%
reduction in HAM-D score from baseline), a logistic regression
model that included treatment group, type of depression, and
baseline HAM-D score as independent variables was used to es-
timate odds ratios comparing each active treatment group with
the placebo group. The logistic regression analyses were per-
formed in 2 ways: 1) using only observed responses and 2) im-
puting a poor response for those with missing outcomes at week
12. Safety outcomes, medication dosage, compliance, and results
of treatment guesses were analyzed descriptively.

A description of the sample size determination and data and
safety monitoring for the trial can be found in the online supple-
mental material.

RESULTS Participants. The flow of participants
through the trial is described in figure 1. A total of
115 subjects were randomized to receive paroxetine
(n � 42), venlafaxine XR (n � 34), or placebo (n �

39). Eighteen subjects (16%) withdrew participa-
tion, 8 (19%) in the paroxetine group, 4 (12%) in
the venlafaxine XR group, and 6 (15%) in the pla-
cebo group (figure 1). Adverse events led to with-
drawal of 6 subjects in the paroxetine group (cardiac
arrhythmia; dizziness, nausea, and balance problems;
restless legs symptoms; panic attack; sexual dysfunc-
tion and lethargy; and insomnia, heartburn, and anx-
iety), 2 subjects in the venlafaxine group (increased
tremor; loss of concentration), and 2 subjects in the
placebo group (nausea, palpitations, and stiffness;
dizziness and fatigue).

Baseline characteristics of the participants are out-
lined in table e-1. Participants in the paroxetine
group were slightly older on average, more likely to
be male, and more likely to be taking levodopa. Par-
ticipants in the placebo group were less likely to have
had education beyond high school and to have major
depression. Mean scores on rating scales for depres-
sion and PD were comparable among the groups, as
were other participant characteristics.

Efficacy. All 3 treatment groups demonstrated im-
provement on the HAM-D at week 12, with mean
changes of �13.0 in the paroxetine group, �11.0 in
the venlafaxine XR group, and �6.8 in the placebo
group (table e-2, figure 2). The effects of paroxetine

Figure 1 Participant flow

HAM-D � Hamilton Rating Scale for Depression.
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(�6.2; 97.5% CI �10.3 to �2.2; p � 0.0007) and
venlafaxine XR (�4.2; 97.5% CI �8.4 to �0.1, p �
0.02), relative to placebo, were statistically significant
(table e-2). The mean response did not differ signifi-
cantly between the 2 active treatment groups (p �
0.28).

There were no statistically significant differences
between medication and placebo groups for dichoto-
mized HAM-D outcomes (table e-3). The percent-
ages of participants who met remission criteria
(HAM-D �7 at week 12) were 44% (15/34) in the
paroxetine group, 37% (11/30) in the venlafaxine
XR group, and 32% (11/34) in the placebo group.
These percentages decreased to 36% (paroxetine),
32% (venlafaxine XR), and 28% (placebo) when
poor responses were imputed for participants with
missing HAM-D scores at week 12. The percentages
of participants who met response criteria (�50% re-
duction in HAM-D score from baseline to week 12)
were 68% (23/34) in the paroxetine group, 53% (16/
30) in the venlafaxine XR group, and 44% (15/34)
in the placebo group. These percentages decreased to
55% (paroxetine), 47% (venlafaxine XR), and 38%
(placebo) when poor responses were imputed for par-
ticipants with missing HAM-D scores at week 12.

Significant beneficial effects of paroxetine and
venlafaxine XR relative to placebo were also apparent
for the secondary depression outcome variables
(MADRS, BDI-II, and GDS; p � 0.01 for all com-
parisons; table e-2). Neither treatment had a signifi-
cant impact on the CAS, but BPRS scores were
significantly improved with both paroxetine (p �
0.01) and venlafaxine XR (p � 0.004) (table e-2)
relative to placebo. There were no significant treat-
ment effects on any of the neuropsychological out-

come variables. Venlafaxine XR appeared to have a
beneficial impact on sleep, as measured by the PSQI
(p � 0.02, table e-2).

UPDRS total and motor scores improved in all 3
treatment groups, but there were no significant
group differences in mean response (table e-2). In
particular, there was no evidence of treatment-
associated worsening of motor function. Both treat-
ments appeared to favorably impact responses on the
bulbar subscale (table e-2), which consists of UPDRS
items that evaluate speech, swallowing, salivation,
and facial expression.31

There was no significant effect of either medica-
tion on the PDQ-39 overall score (p � 0.30; table
e-2). On both the PDQ-39 and the Short Form
(SF)–36, however, both medications were associated
with improvements on some emotional/mental com-
ponents of the scales (PDQ-39 Emotional Well-
Being subscale; SF-36 Mental Component Summary
and Mental Health subscale; table e-2). Paroxetine
was also associated with improvements on the Vital-
ity and Role-Emotional subscales of the SF-36 (table
e-2). Neither medication was associated with a signif-
icant effect on any other PDQ-39 or SF-36 subscale,
or on the Schwab and England Activities of Daily
Living Scale. Results for the CGI outcomes are pre-
sented in the online supplemental material.

Safety. One hundred participants (87%) reported at
least one adverse event during the trial: 86% in the
paroxetine group, 85% in the venlafaxine XR group,
and 90% in the placebo group. The most commonly
reported AEs (those reported in at least 10% of sub-
jects in at least one treatment group) are listed in
table 1. Insomnia was reported significantly less fre-
quently in the paroxetine group than in the venlafax-
ine XR and placebo groups (table 1).

There were 3 serious adverse events. One subject
in the placebo group was hospitalized after 4 days of
intermittent chest pressure; however, this subject
completed the study. Another subject in the placebo
group was hospitalized for a bowel obstruction; this
subject also completed the study. One subject in the
paroxetine group had frequent, significant ventric-
ular ectopy with �13,000 premature ventricular
contractions detected during 24-hour Holter moni-
toring; the subject withdrew from the trial and treat-
ment assignment was disclosed.

Venlafaxine XR was associated with an increase in
sitting blood pressure at the final visit (systolic: 8.5
mm Hg, 97.5% CI 1.2 to 15.9, p � 0.009; diastolic:
4.1 mm Hg, 97.5% CI �0.01 to 8.3, p � 0.03).
Hypertension was reported as an AE in 4 subjects on
venlafaxine, 1 subject on paroxetine, and no subjects
on placebo (table 1). Paroxetine was associated with
an increase in weight (1.3 kg, 97.5% CI �0.1 to 2.7,

Figure 2 Adjusted mean change in Hamilton Rating Scale for Depression
(HAM-D) score over time by treatment group

Mean changes are adjusted for center and the baseline HAM-D score using a repeated-
measures analysis of covariance model. Error bars represent 1 SEM.
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p � 0.03); however, no subjects on paroxetine re-
ported weight gain as an AE, whereas 2 subjects in
each of the other 2 groups did. No other significant
effects of treatment (relative to placebo) on vital signs
were noted.

Additional outcomes. For participants assigned to
paroxetine, the mean dosage at week 12 was 24 � 11
mg/day, with 50% of participants taking 30 or 40
mg/day. For the venlafaxine XR group, the mean
dosage at week 12 was 121 � 75 mg/day, with 47%
of participants taking 150 or 225 mg/day. For
placebo-treated participants, the mean dosage of
(placebo) paroxetine at week 12 was 26 � 12 mg/day
and the mean dosage of (placebo) venlafaxine XR at
week 12 was 135 � 76 mg/day. Compliance with
study medication, as measured by the percentage of
pills apparently taken out of those expected to be
taken, averaged 94%–97% for paroxetine/placebo
and 94%–96% for venlafaxine XR/placebo. Finally,
guesses of treatment assignments did not suggest any
significant compromise of the blind (details available
in the online supplemental material).

DISCUSSION This is the largest randomized,
placebo-controlled clinical trial of commonly used
antidepressant medications for the treatment of
dPD, had the longest observation period, and was
the first to evaluate an SNRI. The study demon-
strated that both paroxetine (an SSRI) and venlafax-
ine XR (an SNRI) are more effective than placebo for
the treatment of depressive symptoms. This finding
was consistent across all measures of dPD that were
used.

Our findings differ somewhat from those of the
trial by Menza et al.5 In that single-site trial, 52 pa-
tients with dPD were randomized to receive parox-
etine (n � 18), nortriptyline (a TCA, n � 17), or
placebo (n � 17) for 8 weeks. Nortriptyline, but not
paroxetine, was found to be significantly better than
placebo in decreasing the mean score on the
HAM-D. This finding led some to question the use
of SSRIs in dPD and whether TCAs should be the
preferred treatment of dPD.33 There are several pos-
sible explanations for the different results, including
shorter duration of treatment, higher dropout rate,
and strategy used for missing data in the study by
Menza et al. (see online supplemental material for
further discussion).

In our study we observed a fairly prominent im-
provement in mean HAM-D score in the placebo
group (figure 2), which was consistent across all of
our measures of depression and has been demon-
strated in other antidepressant treatment studies.34

Despite this response, and a sample size smaller than
anticipated, we were still able to detect significant
beneficial effects of paroxetine and venlafaxine XR
using 4 different depression rating scales. Although
the observed percentages of participants in each
treatment group who achieved a �50% reduction in
HAM-D score supported the results of the primary
analysis, these treatment group comparisons were
not statistically significant. It is well known that
there can be a substantial loss of information when
continuous outcome variables are dichotomized35;
this, coupled with our substantially reduced sample
size, is a possible explanation for the lack of statistical
significance of treatment effects on this outcome. Al-
though the effects of paroxetine and venlafaxine XR
appeared to be quite comparable, our sample size was
not large enough to make any conclusions concern-
ing the equivalence of these effects.

Other approaches toward the treatment of de-
pression in PD have been to consider the effects of
antiparkinsonian medications on mood. A recent
study reported results from a randomized, double-
blind, placebo-controlled trial of the dopamine ago-
nist pramipexole, which was thought to have
antidepressant effects, involving 296 participants

Table 1 Adverse events by treatment groupa

Event
Paroxetine
(n � 42)

Venlafaxine XR
(n � 34)

Placebo
(n � 39)

Sleep

Insomniab 1 (2.4) 7 (20.6) 9 (23.1)

Abnormal dreaming 1 (2.4) 1 (2.9) 4 (10.3)

Somnolence 8 (19.1) 8 (23.5) 5 (12.8)

Skin

Diaphoresis 4 (9.5) 4 (11.8) 4 (10.3)

Gastrointestinal

Constipation 6 (14.3) 7 (20.6) 5 (12.8)

Reproductive

Sexual dysfunction 10 (23.8) 8 (23.5) 4 (10.3)

Body as a whole

Fatigue 9 (21.4) 4 (11.8) 5 (12.8)

Nervous system

Tremor 7 (16.7) 7 (20.6) 3 (7.7)

Dyskinesia 1 (2.4) 4 (11.8) 3 (7.7)

Dizziness 7 (16.7) 3 (8.8) 2 (5.1)

Headache 6 (14.3) 8 (23.5) 6 (15.4)

Cardiovascular

Hypertension 1 (2.4) 4 (11.8) 0 (0.00)

Urinary

Micturition difficulty 5 (11.9) 1 (2.9) 1 (2.6)

Abbreviation: XR � extended release.
a Values are n (%) of subjects who reported the adverse event at least once during the trial.
Adverse events reported in at least 10% of the participants in any treatment group are
included.
b p � 0.006 (paroxetine vs placebo); p � 0.02 (paroxetine vs venlafaxine XR).
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with dPD who were followed for 12 weeks.36 The
effect of pramipexole, while statistically significant,
was considerably smaller (1.9 points on the BDI, ver-
sion 1A) than the effects of paroxetine and venlafax-
ine XR observed in our trial (4.4–4.5 points in the
BDI-II).

This study demonstrates the efficacy and safety of
antidepressants in patients with dPD without de-
mentia. Both study medications were significantly
more effective than placebo on a number of depres-
sion scales and did not show any significant side ef-
fects or worsening of PD motor function. Emotional
subscale scores, but not overall QOL, improved with
both medications.

As with other depression treatment studies, we
found that some subjects failed to respond to the
study medications while others improved but did not
achieve full remission. Our sample size was not large
enough to identify subject characteristics that predict
response to study medications. Further research
aimed at understanding predictors of response, in-
cluding identification of patients who may respond
preferentially to one class of medication vs another, is
warranted.
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Capitol Hill Report on AAN.com the second and fourth Wednesday of each month. Stay informed. Your
work depends on it.

“The Experience” is the Place for Residents, Fellows,
and Medical Students at the Annual Meeting

Residents, fellows, and medical students can take advantage of The Experience, an exclusive place
for them to relax, socialize/network, and listen to presentations geared to their interests during the
2012 AAN Annual Meeting. While there, they can take advantage of:

• Mock employment interviews via Skype (requires on-site sign-up)
• Free T-shirts and pens while supplies last
• Free AAN Pocket Guidelines or Ethical Issues in Neurology book for AAN members who create

or update their Career Center profile on-site

The Experience will be located in Room 220 of the Ernest N. Morial Convention Center and open
from Saturday, April 21, to Thursday, April 26.

1236 Neurology 78 April 17, 2012


